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ABSTRACT
The exposure of cells to stressful changes in the environment induces
the production of a group of proteins within the cell, known as,heat shock 
proteins (hsp) or stress proteins. Some of these.hsp have been also shown to 
be present at significant levels in normal cells. The function of stress proteins 
is unclear but it is generally believed that their induction has a protective role 
and leads to an increased survival of the cells experiencing a variety of
stressful conditions.
The major stress-inducible protein, hsp 70, is one of a group of related 
proteins of approximately 70 KDa that is highly conserved in nature and 
constitutes a multigene family. Infection with members of the genus 
Mycobacterium has been shown to induce a number of hsp. The aim of this 
investigation was to determine the effects of Chlamydia trachomatis (Ct) 
infection in Chinese hamster ovary (CHO) cells by assessing heat shock 
protein induction.
Intracellular infection constitutes a form of stress to the host cells being 
invaded and in some in vitro models this results in an increased production of 
stress proteins. The chronic inflammatory response which eventually leads to 
the scarring of the fallopian tubes is thought to be caused by the infiltration of 
lymphocytes, which suggests that the pathogenesis of infection with Chlamydia 
trachomatis is immunologically. mediated. CHO cells were infected with 
Chlamydia trachomatis serovar D.and anti-chlamydia monoclonal antibody
staining was performed to determine the presence and character of the 
inclusions. Heat shock protein 70 was induced by exposing cells to standard 
heat shock conditions (positive control) and verified by utilizing an 
immunofluorescence assay using a monoclonal antibody against hsp 70. CHO 
cells infected with Chlamydia trachomatis for 72 hours failed to show any hsp 
70 induction. The failure of chlamydia infection to precipitate hsp 70 induction 
suggests that some other hsp(s) might be involved in the pathogenesis of 
Chlamydia trachomatis infection.
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INTRODUCTION
Chlamydia trachomatis is a medically important obligate intracellular 
gram-negative bacterium that causes sexually transmitted disease as1 well as 
ocular infection (Engel, et al., 1990; Brunham, et al., 1987). C. trachomatis is 
the most common of all sexually transmitted diseases in the United States 
(Samuels, 1989; Brunham, et al., 1987). It is believed that three to four million 
new cases occur annually with adolescent women between the age of 16 to 
25, as the most commonly infected group (Fraiz, et al., 1988; Samuels, 1989). 
Chronic genital infection in women can progress to severe damage of the 
fallopian tube causing infertility and ectopic pregnancy. (Engel, et al., 1990; 
Samuels, 1989). Repeated ocular infection by C trachomatis also causes 
blindness (Morrison, et al., 1989). C. trachomatis is the major cause of 
preventable blindness in the third world (Elbagir, et al., 1990; Engel, et al.,
1990; Samuels, 1989; Morrison, et al., 1989). i
The genus Chlamydia contains three species, C. trachomatis, 
psittaci and (T pneumoniae (Taylor, et al., 1990). C trachomatis has 15 known 
serovars, serovars A, B and C causes endemic trachoma, serovars D to K 
cause paratrachoma and a variety of genital tract disease and serovars L1 - L3 
cause lymphogranuloma venereum (LGV) (Taylor, et al., 1980). C. psittaci and 
C pneumoniae cause respiratory disease (Taylor, et al., 1990). The species C 
trachomatis is divided into two biovars, the lymphogranuloma venereum biovar 
and the trachoma biovar (Peterson, et al., 1990). It has been shown that the
l
LGV biovar cause more systemic illness and are more invasive than trachoma
. ' ' ' ’ ' ' i
strains, which cause mainly localized genital or ocular infection (Peterson, et
... .1
al., 1990). It has been shown that certain serotypes occur more frequently
I
than others (Moulder, 1984). It has also been observed that immunotypes D 
and E account for 50% of genital isolates (Moulder, 1984). Ito, et al., (1990)
have demonstrated that in an animal model, there are differences among
- t , ■ t
Chlamydia oculcgenital serovars both in the duration of infection and in the
■ ' ' . ' ' ' ■■ ■ ' ' f ' ■
ability to establish upper tract infection. I
Chlamydia are obligate intracellular bacterial parasites of eukaryotic cells
and have a unique developmental life cycle alternating between two biological
’ ' ■ I . ■
forms. First, the metabolically inactive elementary body (EB) adheres to the
1
surface of the host cell and initiates the infection process. The EB is^a stable 
structure, that is specifically adapted to survive outside the host cell. | The EB 
reorganizes into a second form, the reticulate body (RB). which, replicates by
j
binary fission within a membrane bound inclusion (Taylor-Robinson, et al.,
1989; Engel, et al., 1990; Moulder, 1984, Fig. 1).
. After 20 to'25 hours, the RBs condense into EBs. The inclusions burst
. - ’ I ■
at 48 to 72 hours after infection (Raylor- Robinson, et al., 1990). Thej
metabolically active RBs are restricted to intracellular growth because .
Chlamydia lack the ability to synthesize high - energy compounds and depend ■ ' I . ■
■' ' - ■ . i ' -
on the host metabolic system for their supply of energy (Taylor-Robinson, ef 
al., 1990). Each RB gives rise to one or more EB and the growth cydle is
2
completed. The elementary bodies represent the only infectious stage (Yuan,
etal, 1990).
, In males, Chlamydia infection causes non-gonbcoccal urethritis (NGU), 
post-gonococcal urethritis and epididymitis, (Fraiz, et al., 1988; Engel, et al., 
1990). It has been estimated.that 250,000 new cases are reported each year in 
the United States (Fraiz, et al.,.1988). Infection in women is mostly 
asymptomatic (Fraiz, et al., 1988; Taylor, et al., 1980; Samuels, 1989)’, This 
has resulted in a large number of infected women capable of transmitting the 
disease. Chlamydia infection is an important cause of endometritis, and 
salpingitis and complications of these are infertility, ectopic pregnancy and 
chronic abdominal p^iri (Taylor-Robinson, et al., 1989; Samuel, 1990; Engel, et 
al., 1990). At the present time, it is estimated that one in eight couples in the 
United States are infertile (Fraiz, et al., 1988). Ci trachomatis infection is 
believed to be responsible for between 10% to 15% of infertility (for review see 
Fraiz et al.,1988). Infants exposed to C. trachomatis during vaginal | el ivery 
develop conjunctivitis and pneumonia (Taylor Robinson, 1989; Taylorj et al.,I. . ' ‘ I '
1980). It has been estimated that G trachomatis causes 30% to 40%! of all 
cases of pneumonia in the first six months of life and one in three infants 
develop conjunctivitis during delivery exposure (Taylor, et al., 1980: Taylor- 
Robinson, 1989).
There is no effective vaccine against G trachomatis infection at the 
present time. The most common and effective treatment for uncomp icated
3
infection includes oral administration of 500 mg tetracycline, doxycline or
i'
erythromycin (Fraiz, et al., 1988; Taylor, et al.,1980). For complicated
I
Chlamydia infection, systemic tetracycline and close follow-up is required.
i
i
I
[I
ii
■i
i
i
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Figure 1. Chlamydia growth cycle
5
Figure 2. Interrelationship of clinical manifestations of disease caused by 
genital strains of Chlamydia trachomatis (Taylor - Robinson, et 
al., 1980).
Male infection -non-gonococcal urethritis - epididymitis
-post-gonococcal urethritis - Reiter’s syndrome 
-conjunctivitis
-subclinical genital infection
Female infection -cervicitis - salpingitis -infertility 
-conjunctivitis dysplasia 
-subclinical genital infection
Infants infection -conjunctivitis
-pneumonia
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Heat shock (stress) proteins have been shown to be synthesized in all
cell types under a variety of stressful conditions (Neidhardt, et al., 1984; 
Lindquist, et al., 1988; Nover, 1991; Craig, 1985). Heat shock proteins were 
first observed in 1962, when Ritossa (1962) reported that in Drosophila certain 
genes were activated in response to a change in temperature from 25° C to 
37° C. During this time, transcription of most other genes is halted or down 
regulated while the transcription of heat shock RNAs shows a dramatic 
increase (for reviews see Neidhardt, et al., 1984; Lindquist, et al., 1988; Craig, 
1985). The selective induction of heat shock proteins is thought to protect the 
cell from damaging effect of temperature or other kinds of metabolic stress 
(Nover, 1991; Langer & Neupert, 1991; Schlesinger, 1986). The heat shock 
response is a universal phenomenon (from bacteria to man) and the proteins 
are highly conserved in nature (Schlesinger, 1990). It has also been shown 
that heat shock proteins are inducible by a wide variety of stresses such as 
inflammation, fever, viral infection, heavy metals, ethanol, and teratogen 
exposure (Pardue, et al., 1988; Walsh and Crabb, 1989; Buzin & Bournias- 
Vardiabasis 1982, 1984; Nover, 1991).
Heat shock proteins are classified and named according to their 
molecular mass, and there are four major families, 90 KD, 70 KD, 60 KD and 20 
KD (Craig, 1985; Schlesinger, 1986 Pardue, et al., 1988). In Drosophila, seven 
major stress-inducible proteins have been identified and the expression of 
these proteins is believed to play a role in embryonic development under
7
normal conditions (Petersen, 1990). It has been shown that the molecular 
weight of these proteins varies only slightly from organism to organism, and 
between different members of a gene family in the same organism (Young, et 
al., 1990; 1989, Schlesinger, 1986) and further more, induction rates vary from 
tissue to tissue (Young, etal., 1990, Petersen, 1990), The induction of these . 
proteins is paralleled by the reduction of other proteins made before the heat 
shock or other stressful treatment (for reviews see Petersen, 1990; Schlesinger, 
1990).
Certain heat shock proteins are found in high levels during normal 
growth of ET Coli at 37°. C, hsp 60 accounts for 1.6% and hsp 70 for 1.4% of 
total cell protein (For reviews see Shinnick, 1991; Young, 1990). Bacteria 
undergoing stress, produce hsp 60 and hsp 70 levels, that represent 15% of 
total cell proteins (For review see Shinnick, 1991). In eukaryotes, under normal 
conditions, hsp 70 and hsp 60 levels range from undetectable to moderate 
depending on the organism and cell type (Shinnick, 1991; Young, 1990).
In eukaryotic cells, hsp 70-related proteins are detected in the nucleus 
(Birkelund, et al., 1990; Berbers, etal., 1988; Craig, 1989), chloroplast 
(Shinnick 1991: Ellis 1990), mitochondria, endoplasmic reticulum (Langer, et 
al., 1991; Leung, et al., 1990) and in the cytosol compartment (Langer, et al., 
.1991; Craig, 1989; Shinnick, 1991). Hsp 70 and hsp 60 are thought to act as 
molecular chaperones, since they have been shown to interact with other 
proteins to promote folding, and unfolding and to facilitate protein transport
'' ' ' ■ '8 f. ■'
across membranes (Shinnick, 1991; Kaufmann, etal., 1991; Ellis, 1991).
The hsp 60 family has been extensively characterized in bacteria and 
has been found to be highly conserved from bacteria to man (Taylor, et al., 
1990; Young, et al., 1989). Bacterial heat shock protein 60 has been shown to 
be 50% to 60% homologous with eukaryotic cells (For review see Shinnick, 
1991).
Hsp 60 and hsp 70 have also been shown to be antigens of several 
parasites and bacteria (For reviews see Shinnick, 1991). It has been found that 
hsp 60 is a common antigen of many bacterial pathogens including species of
Borrelia, Legionella, Chlamydia, Salmonella, Rickettsia, Treponema,
Mycobacterium and Pseudomonas (Kaufmann, et al., 1990; Kaufmann, et al., 
1991; Shinnick, 1991).
The 70 KD heat shock protein family is the most extensively studied hsp 
group, and includes the mammalian 72 and 73 KD proteins, the Drosophila 70 
and 68 KD proteins, and the 70 KD protein of E. coli (Garsia, et al., 1989; 
Young, et al., 1989; Pardue, 1988). It has been reported that the 75 KD protein 
of Chlamydia trachomatis is a member of the heat shock 70 family with 42% 
homology to the mammalian 70 KD (Birkelund, et al., 1989; Danilition, et al., 
1990). Within the Drosophila hsp 70 family, there are 5-6 copies of the HSP 70 
gene and one copy of the related HSP 68 gene (Young, 1990). There are 
seven related genes (HSCI-7) which are constitutively expressed and whose 
function is house-keeping under normal conditions (Young, 1990; Harrison, et
9
al., 1987). In this evolutionary conserved hsp family (HS70, HSP70B, HSP70B’ 
and HSC70) there is sequence homology between the related 70 KD heat 
shock family (Leung, et ah, 1990; Harrison, 1987; Young, 1990). The HSP70B’ 
gene has 77% sequence similarity to the constitutively expressed HSC70 gene 
and 70% sequence homology to major heat inducible HSP70 family members 
(Leung, etal., 1990).
Several workers have suggested that the immunoreactivity of hsp is due 
to: (a) that hsp are abundant cellular proteins, (b) hsp have conserved epitopes 
that prime the host for an immune response to those proteins, (c) easy 
processability due to either structural or functional features, and (d) some are 
virulence factors (For review see Shinnick, 1991). Stress proteins have been 
shown to be induced in vitro in eukaryotic cells following infection by viruses 
such as herpes viruses, paporaviruses and adenoviruses and it has been 
shown that some viruses directly induce expression of stress protein genes 
(Young, 1990; Kennedy, et al., 1990; Khandjian, etal., 1983). Hsp induction 
under sublethal condition has been shown to protect the cell from more 
serious challenge. In bacteria, viral infection induces hsp 70 and hsp 60 
production. This induction has been shown to be essential for the replication 
and assembly of bacterial viruses (Beckmann, et al., 1990).
Recently it has been reported that infection constitutes a form of stress 
for both the microorganism and the host cells being invaded. As a result both 
organisms respond by producing high levels of stress proteins as part of their
io
defense mechanism (For review see Young, 1990). Since eukaryotic and 
prokaryotic hsp are similar structurally, immunoglobulin and T cell receptors 
are biased toward recognition of infectious microorganisms. Thus 
auto reactivity toward the host’s stress proteins, and other self antigen that 
cross-react with stress proteins, is possible (Sehlesinger, 1990; Winfield, 1989). 
It, is currently believed that tissue damage, such as fallopian tube scarring, is 
immunologically mediated (Taylor, et al., 1987). It has been suggested that 
hsp are involved in the immune response of mammals infected with the
intracellular parasites Mycobacterium tuberculosis and Mycobacterium leprae 
(For review see Young, 1990). The hsp are the dominant antigens recognized 
in the immune response and human antibodies recognize mycobacterial stress 
proteins which are also believed to be the major targets of the human cell- 
mediated response (Young, 1990). Stress proteins have also been identified 
as immune targets in most major human parasitic infections (Young, 1990; 
Kaufmann, etal., 1990).
A Chlamydia 75 KD protein belongs to the heat shock protein 70 families 
and is recognized by antibodies in sera of over 50% of infected persons 
(Shinnick 1991). Serum antibody levels to this protein have been correlated 
with protection against ascending fallopian tube infection (Shinnick, 1991). It 
has been shown that monospecific antibodies to hsp 75 neutralize (1 
trachomatis in vitro and antibodies to this protein are prominent in the immune 
response during infection. (Shinnick, 1991). The chronic inflammatory
ll
response which leads to the scarring of the fallopian tubes is thought to be 
caused by the infiltration of lymphocytes, both B cell and T cell (Taylor, et al., 
1990).
This has led to the suggestion that the pathogenesis of <0 trachomatis 
infection is immunologically mediated (Young, 1990; Taylor et al., 1990). The 
events that lead to the development of chronic infection and the post 
infectional result of chlamydia infection are not known (Young, 1989; Morrison, 
et al., 1990). However, some active genital infections are characterized by 
chronic inflammation of the fallopian tube, and repeated episodes of reinfection 
are thought to be necessary to sustain the inflammation (Taylor et al., 1987).
The aim of my study is to establish the possible relationship between 
Chlamydia trachomatis infection and hsp 70 induction. Since similar studies 
have implicated parasite or bacterial infection-induced hsp induction in the 
pathogenesis process, it is important to investigate the possible relationship 
between hsp 70 and chlamydia infection. The basis of the experimental design 
is to determine by in vitro techniques, if hsp 70 production is induced in the 
single cell, during the course of infection using an immunofluorescence assay. 
To accomplish my objective I also had to establish an in. vitro (mammalian cell 
line) model that would accommodate chlamydia infection. The CHO cell line 
was used as a model in this investigation for many reasons. In the preliminary 
studies, CHO monolayers were found to remain intact for up to a week even 
without any feeding.
12
When infected with Chlamydia trachomatis, the monolayers were intact
for 96 hours post infection, even when the inclusions were present in up to 
95% of the cells in the monolayer. CHO cell lines have also been studied 
extensively in the induction of heat shock proteins.
13
MATERIAL AND METHODS
Cells and Culture Conditions
Chinese hamster ovary cells (CHO) (obtained from Dr. Saparato, 
Department of Radiation Research, City ofHope National Medical Center) were 
grown in McCoy 5A medium (GIBCO Laboratories, Grand Island, N,Y.) 
supplemented with 10 % calf serum (Irvine Scientific), (FCS) and gentamicin.
McCoy cells were grown in Eagle’s Minimal Essential Medium (Irvine 
Scientific) supplemented with 10% FCS (Irvine Scientific), Hepes, L-Glutamine, 
fungizone and gentamicin.
The cultures were kept at 37° C in a humidified incubator with a mixture 
of 95% air and 5% CO2. Chinese hamster cells and McCoy cells were 
trypsinized before reaching 100% confluency, counted in a Coulter counter and 
the appropriate dilutions were made for subculture every two to three days. 
Density-inhibited cultures (plateau phase) were obtained by seeding 2 x 104 
cells in vials (5 x 104 cells in 25 cm flasks) followed by incubation for 72 hours. 
For the immunofluorescence assay, CHO cells were allowed to grow in vials 
containing coverslips for three days.
Experiments were performed on the third day and the cell density under 
these conditions was between .1.6 - 1.8 x 105 cells in vials (3.1 - 3.5 x 106 cells 
in flasks).
14-
COMPARISON OF METHODS FOR CULTIVATION OF
CHLAMYDIA TRACHOMATIS IN CHO CELLS
Confluent monolayers of cells were obtained by seeding 5 x 104 cells in 
a flask. Then the flasks were prepared as following: (a) a 1:25 dilution of 
Chlamydia trachomatis (stock culture) was made in 5 ml of medium containing 
1 ug/ml of cycloheximide (Sigma Chemical Co., Louis. Mo.) in McCoy medium, 
(b) a 1:100 dilution of Chlamydia trachomatis was made in 5 ml of medium 
and centrifugated for 1 hour at 37° C. (c) a 1:100 dilution of Chlamydia 
trachomatis was made in 5 ml of medium which contained with 1 ug/ml 
cycloheximide and centrifugated for 1 hour at 37° C. (d) a 1:100 dilution of
Chlamydia trachomatis was made in 5 ml of medium. All the flasks were 
incubated for 2 hrs, at 37° C, in 95% air and 5% CO2. The inoculum was 
removed and 5 ml of fresh McCoy medium was added to each flask and 
incubated and the monolayer was observed for inclusions every 24 hours.
INFECTION OF CHINESE HAMSTER CELLS
WITH CHLAMYDIA TRACHOMATIS
The 72 hours-infected CHO cells were removed from -70° C and thawed
in a 37° C waterbath. The flask was vigorously shaken to disrupt the 
monolayer. The contents of the flask were poured into a 50 ml centrifuge tube 
with glass beads and shaken with a vortex mixer. The cells were then 
transferred to a 50 ml centrifuge tube and were centrifuged for 10 minutes at
15
37° C. The supernatant was collected and diluted to 1:100. Monolayers in
vials were inoculated with C trachomatis serovar D and incubated for 2 hours
at 37° C, 95% air and 5% CO2. The inoculum was removed and 1 ml of fresh 
medium was added to the vials. After 24 hours, the infected cells were refed
with fresh medium and the infected vials were observed for inclusions. CHO
cells were infected with Chlamydia trachomatis either for 24 hours, 48 hours,
72 hours or 96 hours.
HEAT SHOCK TREATMENTS
Monolayers of confluent cells were obtained by seeding 2 x 104 cells in 
vials containing glass coverslips. The cells were allowed to grow for three 
days. The medium was removed and 1 ml of prewarmed (42° C or 43° C) 
medium was added. The vials were immersed into a thermo regulated 
waterbath at 42° C for 1 hour or 43° C for 30 minutes. The temperature of the 
waterbath was monitored and controlled within +0.1° C. Immediately after 
heating, the culture medium were replaced with 1 ml of fresh medium 
prewarmed to 37° C. The vials were incubated overnight at 37° C in a 
humidified incubator in a mixture of 95% air and 5% CO2. The monolayers were 
fixed with 1:1, ethanol: acetone, for 10 minutes at 4° C.
16
IMMUNOFLUORESCENT STAINING
Mouse anti-chlamydia monoclonal antibody with Evans blue counterstain 
(Bartel’s immunodiagnostic Supplies Inc.) was used to, identify and to
determine the number of inclusions. After the cells were fixed and washed 3
times with PBS, 0.4 ml of a 1:25 dilution of anti-chlamydia monoclonal 
antibody with Evans blue counterstain was added to each vial and incubated 
for 1 hour at room temperature (RT). The monolayers were washed 1 time with 
PBS, and washed 1 time with distilled water. Then the coverslips were 
removed from the vials. On a clean slide, one drop of mounting medium was 
added and covered with the cover slip] The number of inclusions and their
size were observed.
Infected CHO cells, thermally treated (heat shocked) cells and control 
cells grown in vials were washed 3 times with PBS after fixation with 1:1, 
ethanol: acetone. Infected CHO cells, heat shocked cells and control cells 
were incubated with PBS - 1% BSA (1% BSA; 1 gram BSA in 100 ml PBS) or 
McCoy 5A medium for ,20 minutes to block the non-specifip protein binding. 
They were then washed 3 times with PBS, incubated with 0.5 ml of a 1:500 
dilution of monoclonal anti-heat shock protein 70, (Stress Gen Biotechnologies 
Corp Victoria, Canada), for 1 hour at RT. The negative control cells were 
incubated with 1%BSA, Monolayers were then rinsed 3 times with PBS. The 
monolayers were incubated with 0.5 ml of a 1:50 dilution of the secondary 
antibody, biotinylated anti-mouse IgG (Amersham International PLC,
17
Amersham UK) for 1 hour at RT. The binding was visualized by incubating with 
0.5 ml of a 1:50 dilution of fluorescein-streptavidin (Amersham International 
PLG Amersham UK) for 1 hour at RT. The cells were then washed 1 time with 
PBS and 1 time with 1 ml of distilled water, and the coverslips were then 
removed and mounted on a slide with two drops of mounting medium. The 
slide was then viewed using a fluorescence microscope.
ENZYME IMMUNOASSAY (EIA)
After the monolayers were fixed the cells were washed 3 times with PBS, 
incubated with 1 ml 1 % BSA for 20 minutes and washed 3 times with PBS.
The monolayers in the vial were incubated with 1 ml of a 1:500 dilution of 
mouse monoclonal antibody of 70 hsp per vial for 1 hour at RT. Washed 3 
times with 1 x PBS and incubated with the .secondary antibody, (1 ml of a . 
1:500 dilution of horseradish peroxidase labelled goat anti-mouse IgG 
antibody) for 1 hour at RT. The vials were subsequently washed 3 times with 
PBS and incubated with substrate, 1 ml of 0.4 mg/ml ortho-phenylenediamine 
(OPD) in phosphate citrate buffer, (pH 5.0) per vial for 30 minutes in the dark at 
RT. The reaction was stopped with 0.5 ml of 2.5 M sulfuric acid per vial. 
Absorption levels were read at 490 nm. Negative control cells were incubated 
with 1% BSA instead of anti-hsp 70 antibody.
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RESULTS
Table 1 summarizes the comparison of inclusion development of
Chlamydia trachomatis infection in treated and untreated CHO cells:
(a) cycloheximide treated CHO cells showed enhanced efficiency of infection 
(60%-70%); (b) centrifugation of Chlamydia trachomatis onto the host cell 
monolayers, increased the efficiency of infection to a much greater extent 
(75%-85%); (c) there were no inclusions in 24 hour infected CHO cells treated 
with cycloheximide and centrifuged for 1 hour but infection was observed after 
72 hours (50%-55%), the infectivity of CHO cells was enhanced; (d) CHO cells 
without the aid of centrifugation and without cycloheximide treatment provided 
the ideal method necessary for the hsp 70 induction to studies since only 30% 
of the cell were infected. It was also noted that, the sensitivity (1:100 
Chlamydia dilution) increased slightly from small dull inclusions to bright large 
inclusions due to the complete change of the medium from MEM to McCoy 5A. 
Chinese hamster ovary cells with the aid of centrifugation, contained 
significantly more inclusions than either the untreated cells or those that 
underwent cycloheximide treatment.
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Table 1. Comparison of inclusion development of Chlamydia trachomatis 
in treated and untreated CHO cells.
OBSERVATION
TREATMENT 24 HR 
INCLUSION
48 HR 
INCLUSION
72 HR 
INCLUSION 
(%)
Cycloheximide No Yes 60 - 70
Centrifugation NO Yes 75 - 85
Both Centrifugation and
Cycloheximide
No Yes 50 - 55
No Centrifugation no Cycloheximide No Yes 30 - 40
A dilution of 1:100 of Chlamydia trachomatis serovar D was used. The cells 
were observed for inclusions every 24 hours after infection.
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Confluent monolayers of McCoy cells and CHO cells were exposed to 
43° C for 30 minutes and allowed to recover at 37° C for 8 hours. The amount
of heat shock protein was quantitated by enzyme immunoassay using a 
monoclonal antibody to hsp 70. As shown in Table 2, both McCoy cells and 
CHO cells are capable of expressing hsp 70. McCoy cells responded to the 
increased temperature by producing more than a two fold increase of hsp 70 
over CHO cells. The hsp 70 was also synthesized in the non-heated McCoy 
cells and the CHO cells but in smaller quantities (constitutive levels). When 
CHO cells were exposed to 43° C for 1 hour and incubated overnight, there 
was also an induction of hsp 70 as detected by immunofluorescence with anti- 
hsp 70 showing strong cytoplasmic staining (Fig 3).
Mouse anti-chlamydia monoclonal antibody with Evans blue counterstain 
was used to identify and characterize Chlamydia or chlamydia inclusions 
(Table 3). Anti-hsp 70 monoclonal antibody (mouse) was used to detect heat 
shock protein induction (Table 3). Mouse anti-hsp 70 has been shown to react 
with a number of hsp 70 family members ranging from yeast to human, but it is 
not cross reactive with prokaryotic cells, like E coli. An investigation was 
undertaken to assess the cross-reactivity of hsp 70 with Chlamydia 
trachomatis 75 KD protein and no evidence was found of cross-reactivity with 
anti-hsp 70. (Dr. Ito, personal communication). It is very important to establish 
that there is no cross-reactivity between CHO cells and Chlamydia hsp
21
otherwise chlamydia hsp 75 would be assayed rather than the target cells
(CHO) expression.
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Table 2. Comparison of McCoy cells and CHO cells exposed to heat
shock condition (43° C for 30 minutes) and incubated for 8 hours 
(O.D. 490 NM).
McCoy Cells CHO Cells
Heated Nonheated Control Heated Nonheated Control
Air* 1604 472 186 666 512 153
Wet 1694 732 250 794 523 160
* Air dry is 100% ethanol; wet is 1:1 ethanol: acetone. The heated and 
Nonheated cells were incubated with monoclonal anti-hsp 70 antibody for 1 
hour at room temperature. Control cells were incubated with 1% BSA in PBS.
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The confluent monolayer (72 - hour monolayer, positive control) heated 
at 43° C and incubated for 24 hours, showed detectable hsp levels using the 
immunofluorescence assay (Fig. 3). The distribution of fluorescence was 
diffusely scattered throughout the cytoplasm. The intensity of staining, 
however, varied from one positive cell to another. There was strong labelling in 
approximately 40% of the cells with the anti-hsp 70 antibody. There was no 
staining in the negative control cells (Fig. 11). The monolayers were not 100% 
confluent in either the positive or negative control cultures.
At 24 hours after infection, there were very few or no inclusions 
detected. No positive immunofluorescence staining was observed in the 
infected CHO for hsp 70 induction. By 48 hours after the infection, 20%-30% of 
the CHO cells contained C. trachomatis inclusions (Fig. 4), but again no 
fluorescence staining was observed (Fig. 7). CHO cells infected for 72 hours,
contained 30% - 40% inclusions and the inclusions were variable in size and
shape (Fig. 5). There was no fluorescence staining in the cytoplasm or in the 
nuclear region (Fig. 8). By 96 hours after C. trachomatis infection (Fig. 6), over 
40% of the monolayers were infected and there was also secondary infection. 
The inclusion had burst, the elementary bodies were released and had 
reinfected the monolayers. Again no hsp 70 fluorescence staining was 
observed (Fig. 9).
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Figure 6. Photomicrograph. 96 hour chlamydia inclusions in CHO cells 
after anti-chlamydia antibody staining with Evans blue 
counterstain. Phase (X400). 
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The proportion of cells in the monolayer with visually detected inclusion 
of chlamydia increased with time and very little detachment of cells was 
observed. There was a considerable loss of cells from the coverslips in heat 
shocked culture (42° C for 1 hour) as compared to the negative control cells 
(Fig. 10, 11 and 12).
The thermal conditions that were optimal for induction of the hsp 70 
response for CHO cells were found to be 42° C for 1 hour (41° C for 2 hours 
and 45° C for 10 minutes were also tested) with subsequent incubation at 
37° C for 24 hours. When these cells were fixed and studied by indirect 
immunofluorescence, intense staining was observed, distributed throughout the 
cell. (Fig. 3).
The immunocytochemical assay for hsp 70 induction after <0. trachomatis 
infection in CHO cells showed no detectable levels of hsp 70. This was true at 
48, 72 and 96 hours of infection in this system (Fig. 7, 8, and 9).
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Figure 10. Photomicrograph. 24 hour CHO cells. Phase (X400).
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Figure 12. Photomicrograph. 72 hour CHO cells. Phase (X400).
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Table 3. Chlamydia trachomatis detected by anti-chlamydia staining in 
infected cells. Immunofluorescence staining in infected, heated 
cells (positive control) and negative control CHO cells.
Immunofluorescence Assays
Chlamydia Staining Immunofluorescence
Hours
infected
% of
inclusion
Infected
cells
Heated
cells
Negative
control
0 - - yes no
24 no no - no
48 20-30 % no - no
72 40-50 % no - no
96 50-60 % no - no
2 x 104 cells were allowed to grow in vials with coverslips in 1 ml medium until 
confluent. Monolayers were fixed and stained in vials. Heat shocked cells 
were incubated at 42° C for 1 hour and allowed to recover overnight.
Yes, if positive. No, if negative. (-), if no CHO plated.
z
46
DISCUSSION
The McCoy cell line has been used extensively for a number of 
chlamydia infection studies. Studies by Kihlstrom, et al., (1984) have Shown 
that Chlamydia trachomatis cells attach to and become internalized by McCoy 
cells much better than by HeLa cells in vitro, indicating a higher number of 
binding sites for C trachomatis. In vitro, chlamydia bind to many different cells 
but prefer genital and ocular epithelium cells (Kihlstrom, et al., 1984). Various 
studies have established that non-replicating McCoy cells provide the most 
sensitive culture system for chlamydia isolation (Kihlstrom, et al., 1984; Taylor- 
Robinson, et al., 1980; Keskioja and Paavonen 1982). Chemicals, such as 
cycloheximide, which inhibits the host cell metabolic system have been used 
for the treatment of McCoy cells (Taylor-Robinson, et al., 1980; Behes and 
McCormack, 1982). Cycloheximide treatment and centrifugation have been 
found to be simple and inexpensive methods to condition cells to be rather
sensitive to the infection.
In this study, infection of CHO cells with C. trachomatis was successful 
without the aid of centrifugation (Table 1). However CHO cells were shown to 
become more sensitive to chlamydia infection after centrifugation and, further, 
use of the metabolic inhibitor, cycloheximide, increased the number of 
inclusions in the monolayer of CHO cells. In this study, CHO cells were 
infected with Ct without cycloheximide treatment since this investigation 
centered on the induction of hsp 70 in the host cells (CHO) and using
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cycloheximide would obviously inhibit the production of hsp 70 following 
induction. Since it was not desirable to have 100% infection of CHO cells, the
cells were infected without prior centrifugation and only 30-40% infection rate 
was required for the single cell immunofluorescence assay.
Infection of CHO cells with Chlamydia trachomatis serovar D failed to 
induce the heat shock protein 70 (Fig. 12). It could be theorized that I failed to 
identify hsp 70 induction because the assay was not sensitive enough but of 
course the uninfected but thermally - treated CHO cells (positive control) 
worked out as expected and thus I have confidence that even if hsp 70 was 
induced in small amount, the concentration of anti-hsp 70 utilized should have 
detected such low levels. No detectable immunoreactivity was observed on 
staining negative control cells with the anti-hsp 70 monoclonal antibody (Fig.
5). HSP 70 was easily induced by the thermal treatment of uninfected cells, 
and the production and accumulation of the hsp 70 was observed in the 
cytoplasm (Fig. 3). Various studies have established that hsp is localized in 
the cytoplasm (Langer, 1991; Birkelund, et al., 1990). It could also be possible 
but unlikely, that the hsp 70 gene is induced (transcribed) but not translated. 
There have been no such cases of transcription but non-translation in any 
models utilized thus far (Leung, et al., 1990). The CHO monolayers were intact 
for an extended time (96 hours) and further infection did not result in hsp 70 
induction. Previous studies have established that hsp 70 is induced within the 
first 24 hours after the treatment (Lee, et al., 1988). So 24 hours, 48 hours, 72
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and 96 hours after infection should have covered the initial stress events of
Chlamydia trachomatis infection. The biological functions of heat shock 
proteins are unclear. In mammalian cells, 72 KD is the most highly stress- 
induced form in the cytoplasm and the 73 KD stress protein is associated with 
the endoplasmic reticulum (Dubios, 1989; Brown, 1990). Heat shock proteins 
have been induced by viral infection under normal physiological conditions in 
the absence of toxic chemicals (Khandjian, et al., 1983) and these proteins 
were thought to be important for viral replication or cell transformation 
(Khandjian, etal., 1983).
Inflammation is the primary process through which the body defends 
itself against infection. Skinnick (1991) suggested that after bacteria invade the 
host cell, there is an increase in temperature that occurs upon infection and 
this stimulates the production of heat shock proteins. Heat shock proteins are 
immunologically active components of many pathogens (For review see 
Shinnick, 1991). Infection of CHO cell with Chlamydia trachomatis failed to 
induce a detectable heat-shock response which suggests that hsp 70 may 
not be induced during the course C^ trachomatis infection in CHO cells. The 
assay system used was chosen for its relative ease of performance and 
because qualitative results could be obtained.
Recent reports in the literature have implicated another hsp, hsp 60, as a 
possible hsp induced during infection (Shinnick, 1991). Heat shock protein 60 
was found in all prokaryotic and eukaryotic cells (Kaufamann, et al., 1991:
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Young, 1990: Shinnick, 1991: Langer & Neupert, 1991). Bacterial heat shock 
protein 60 was first described by Hendrix in Escherichia coli in 1979 and has 
been termed GroEL. It has been identified in the mitochondria and cytoplasm 
of eukaryotes (Young, 1990). Heat shock protein 60 plays an essential role in 
the folding and assembly of proteins newly imported into mitochondria (Langer 
and Neupert, 1991). The different members of the hsp 60 family have 
sequence similarity (50% to 60% sequence homology between the 
mycobacterial and human cognates) and are immunological cross-reactive 
(Kaufmann, et al., 1991). Hsp 60 is constitutively expressed (makes up 1 to 2% 
of all proteins in bacteria grown under normal conditions) and can be induced 
by heat shock (4 to 5- fold under stress) conditions (for reviews, see 
Kaufmann, etal., 1991: Langer and Neupert, 1991).
Heat shock 60 has been found to be a common antigen of many 
bacterial pathogens (Shinnick, 1991; Kaufmann, etal., 1991: Young, 1990).
The studies on mycobacteria (for reviews see Young, et al., 1987: Young,
1990) have indicated that (a) antibodies and T cells that react with hsp 60 are 
easily isolated from persons infected with M. tuberculosis or M. leprae and (b) 
antibodies to hsp 60 are frequently isolated from mice immunized with whole 
mycobacteria. It has been indicated that the humoral immune response to hsp 
60 is directed against both conserved and nonconserved epitopes (Skinnick,
1991) . Immunoreactive hsp 60 has been found in Chlamydia trachomatis 
(Skinnick, 1991). In other bacteria hsp 60 is located in the cytoplasm, in
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chlamydia hsp 60 is associated with the outer membrane (Cerrone et al.,
1991). It is further found that two different forms of the hsp 60 protein exist in 
C. trachomatis EBs and it is suggested that in chlamydia, the two different 
forms of hsp 60 are involved in the assembly and disassembly of the EB outer 
membrane complex or in the maintenance of the outer membrane protein in its 
monomeric dissociated state in the reticulate body (Cerrone, et al., 1991). 
Immune responses specific for the hsp 60 family have been studied for the 
Mycobacterium tuberculosis hsp 60 (for a review, see Young, 1990). 
Furthermore these studies have demonstrated that hsp 60 to be the immuno­
dominant antigen for both cellular and numeral immune responses (Young, 
1991: Kaufmann, etal., 1990; Kaufmann, etal., 1991; Shinnick, 1991; Brosnan, 
etal., 1992).
This recent information suggest that a next line of experiments could 
utilize anti-hsp 60 monoclonal antibody or hsp 60 cDNA probe, to determine if 
induction of hsp 60 occurs after chlamydia infection.
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